Seagrasses are marine plants that play important ecological functions in coastal ecosystems. The species Zostera noltei is widely distributed along the European coasts thriving in a variety of environmental conditions. In this study, the phenolic natural products of Z. noltei have been analyzed quantitatively by using UPLC-MS. Plants from the Natural Park of the Bay of Cadiz (Spain) were shown to contain rosmarinic acid (1) and the flavonoids apigenin-7-Oglucoside (2), luteolin-7-sulfate (7), apigenin-7-sulfate (8), diosmetin-7-sulfate (9), and acacetin-7-sulfate (10). The analysis by UPLC-MS of extracts allowed the quantification of all the compounds and evidenced the intraspecific variations in the profile of natural products among plants collected at different dates and locations within the Bay. The flavonoids 2, and 7-10 were present in all the analyzed samples with a total flavonoid content in the range 12.8-72.3 mg/g dry wt, while rosmarinic acid (1) was only present in some samples, reaching up to 19.6 mg/g dry wt. A distinctive feature of plants from the Bay of Cadiz is the common presence of apigenin-7-sulfate (8) as major flavonoid, differing from plants from other regions whose major flavonoid is diosmetin-7-sulfate (9).
Seagrasses are rooted, flowering plants adapted to marine environments, that grow both at inter and subtidal soft sediment areas along the coasts of most continents [1] . Seagrass meadows play important functions in coastal ecosystems, including nutrient regeneration, water quality improvement or shoreline protection, and provide shelter and breeding habitat for fishes and invertebrates [2] . Despite their key environmental roles, marine angiosperms are highly threatened and experience a worldwide decline [3] that has led in the last decades to the protection of many ecosystems where seagrasses thrive.
Zostera noltei is a seagrass widely distributed along the European coasts, ranging from the southern coasts of Norway to the Canary Islands, and across the Mediterranean Sea until the Black Sea [1] . Meadows of Z. noltei are abundant in the Bay of Cadiz (Spain), a protected area where the plants thrive in a variety of environmental conditions [4] . Differing from the wide research carried out on the ecophysiology of these plants [5] , the profile and functional role of their natural products have scarcely been explored [6, 7] . In this context, the study of the spatial and/or temporal variations in the content of natural products could provide noteworthy clues about their role and ecological significance. This study was aimed to define the profiles of phenolic natural products in a variety of samples of Z. noltei by using UPLC-MS (Ultra Performance Liquid Chromatography-Mass Spectrometry).
We firstly performed chemical studies of samples of leaves of Z. noltei, in order to isolate and unambiguously identify the phenolic natural products of the plants. The n-butanol extract, whose 1 H NMR spectrum indicated the presence of aromatic compounds and sugars, was subjected to Sephadex LH-20 column chromatography followed by repeated HPLC separations, leading to obtain six compounds whose spectroscopic data matched those found in literature for rosmarinic acid (1) [8] and the flavonoids apigenin-7- O-glucoside (2) [9] , luteolin (3) [8] , apigenin (4) [8, 10] , diosmetin [5] [11] , and acacetin (6) [12] (Figure 1) . A reexamination of the spectrum of the extract (Figure 2 ) clearly showed signals diagnostic of the two major compounds: a signal at  6.25 (1H, d, J = 15.8 Hz) due to H-2' of rosmarinic acid (1) and a doublet at  7.89 (2H, d, J = 8.8 Hz) attributable to H-2' and H-6' of an apigenin derivative. The absence in the spectrum of the signals corresponding to H-6 and H-8 of apigenin (4) ( 6.20, d, J = 2.1 Hz and  6.44, d, J = 2.1 Hz, respectively) indicated the absence of this compound from the extract. Therefore, the isolated 4 had to be formed from a compound like a sulfate of apigenin, through loss of the sulfate group promoted by the acid conditions used in HPLC purifications. Similarly, the flavones 3, 5, and 6 could have been formed from the corresponding sulfates. The study of a new extract of Z. noltei using softer chromatographic conditions allowed the isolation of flavonoid sulfates which were identified by 1 luteolin-7-sulfate (7) [13] , apigenin-7-sulfate (8) [13] , diosmetin-7-sulfate (9) [7] , and acacetin-7-sulfate (10) [14] . The qualitative pattern herein defined for the samples of Z. noltei consisting of rosmarinic acid (1) , and the flavonoids 2, and 7-9 is consistent with previous studies of this species [6, 7, 15] . However, simple phenolic acids previously reported such as zosteric acid and caffeic acid [6, 7, 16] were not detected in our samples. On the other hand, this is the first record of the flavone 10 in Zostera plants. During the studies above described, the NMR spectra of the extracts obtained from different collections of leaves of Z. noltei evidenced the existence of intraespecific variations in the relative amounts of compounds. The study of these variations, which may be related to the function of the compounds and/or be indicative of the healthy status of the plants, could contribute to the understanding of the role of these secondary metabolites in the seagrasses. 1 H NMR spectroscopy was the first choice for the quantitative analysis of the extracts [17] . As shown in figure 2 , suitable signals for the quantification for rosmarinic acid (1), apigenin-7-sulfate (8) and diosmetin-7-sulfate (9) could be readily identified in the 1 H NMR spectra of the butanolic extracts. Unfortunately, all the signals of luteolin-7-sulfate (7) were overlapped with those of the other compounds, and no signals could unambiguously be identified for the minor flavonoids 2 and 10. Moreover, sometimes the amount of extract needed for NMR analysis proved being difficult to dissolve and even precipitation occurred in the NMR tube. Therefore, in order to achieve the quantification of all the phenolic metabolites of the extracts, we turned our attention to the analysis by UPLC-MS.
Over the last years UPLC-MS has been increasingly applied to the analysis of a variety of compounds, including phenolic metabolites from plants and fruits [8, 18] . Herein we describe the first analysis of the extracts obtained from marine plants by UPLC-MS. After some experimentation, suitable conditions were found for the chromatographic separation and the ionization of rosmarinic acid (1) and the flavonoids 2 and 7-10 present in the extracts of Z. noltei ( Figure 3A ). Quercetin was added as internal reference (IS). The compounds were identified by their HRESIMS(-) data (Table 1) and by the comparison of their retention times with those of the pure compounds previously isolated. Thus, the HRESIMS spectrum of the peak at t R 1.84 min. -characteristic of the loss of an hexose moiety. These data were consistent with apigenin-7-O-glucoside (2). The molecular formulas deduced from the HRESIMS spectra of peaks at t R 2.09, 2.20 and 2.72 min. matched apigenin-7-sulfate (8), diosmetin-7-sulfate (9) and acacetin-7-sulfate (10) (7) and rosmarinic acid (1), respectively. This was confirmed by the extracted ion chromatograms for 7 (calcd. m/z 364.9967) ( Figure  3B ) and for 1 (calcd. m/z 359.0767) ( Figure 3C ) that showed peaks at 1.88 min and 1.91 min, respectively. The HRESIMS spectrum of the peak at 1.88 exhibited a fragment ion at m/z 285.0393 derived from the loss of a sulfate group from 7, while the spectrum of the peak at 1.91 exhibited a fragment ion at m/z 197.0449 attributable to the loss of a caffeoyl moiety from 1. Table 2 , which reflects the intraspecific variability in the phenolic profile of Z. noltei. In all samples, either from the inner bay at different seasons (BC-I1, BC-I2, BC-I3) or from the outer bay (BC-O1), the flavonoid apigenin-7-sulfate (8) 48.4 mg/g dry wt), followed by 9 (4.1-13.1 mg/g dry wt). The flavonoids 2 and 10 were always minor metabolites (0.7-2.5 and 2.1-5.7 mg/g dry wt, respectively), while the content in 7 varied greatly (0.4-9.9 mg/g dry wt). Among these samples, those of autumn (BC-I3) contained significantly lower amounts of flavonoids than those of winter and summer (BC-I1, BC-I2). An intriguing metabolite was rosmarinic acid (1), which was present in all samples from the inner bay (BC-I) but not detected in the samples from the outer Bay (BC-O). In addition, 1 exhibited a great seasonal variation being a minor constituent in winter and autumn (BC-I1, BC-I3) but the second major one in summer (BC-I2, 19.6 mg/g dry wt). Samples from the sea-arm (e.g. SPA) also contained the flavonoids 2 and 7-10, but in significantly minor amounts than plants from the bay (total flavonoid content 12.8-14.1 mg/g dry wt vs 24.5-72.3 mg/g dry wt), and lacked 1. Interestingly, in several samples (e.g. SPB) 9 was the major flavonoid. Taken together, the continued presence of flavonoids suggest that these are constitutive metabolites of Z. noltei. On the other hand, it seems that there is no relationship between the total flavonoid content and the content in rosmarinic acid (1), a metabolite which may be not detected in the plants, suggesting that its production could be induced by changes in the plant or in the environmental conditions.
A recent study performed by using HPLC-DAD described intraspecific differences in Z. noltei at regional scale, showing the occurrence of apigenin-7-sulfate (8) as major flavonoid in two samples of plants from the Bay of Cadiz (Spain), while diosmetin-7-sulfate (9) was the major one in plants from Arcachon (France) [7] . Our results confirm that 8 is the major and distinctive flavonoid of plants from the Bay of Cadiz. It is worth noting that the amounts herein described for flavones 2 and 7-9 and the total flavonoid content (12.8-72.3 mg/g dry wt) are significantly higher than those previously described (3.4-4.4 mg/g dry wt), and also higher than the total amounts described for plants from French coasts (6.6-9.9 mg/g dry wt) [7] , a fact that could be due to differences in the extraction procedures. In addition, we also obtained samples collected in other regions of the southern coasts of Spain. Differing from plants of Cadiz, samples from Almería (A), on the Mediterranean Sea, and from Huelva (HU), on the Atlantic Ocean, contained 9 as the major flavonoid, (6.5 mg/g dry wt and 28.6 mg/g dry wt, respectively).
In summary, we have shown that UPLC-MS is a suitable technique for the quantitative monitoring of the phenolic natural products in Z. noltei. The procedure herein described will allow the easy analysis of the multiple samples needed to further exploring the intraspecific variation of phenolic compounds, the existence of spatial or temporal patterns, and its relation with the function of these natural products in Z. noltei and other related seagrass species.
Experimental
Biological material: Samples of leaves of Zostera noltei for isolation of natural products were collected by hand randomly in the Bay of Cadiz (Spain). Samples for natural products quantification Fresh leaves of Z. noltei (25 g) were extracted as described above. The butanol extract (264 mg) was separated by Sephadex LH-20 column chromatography into eight fractions that were subjected to RP-HPLC. Fractions 2 and 3 were separated using a gradient of CH 3 CN+0.1% TFA (A) and H 2 O+0.1% TFA (B) from 10% A to 90% A (30 min), yielding 2 (2.0 mg). Fractions 4, 7, and 8 were separated using MeOH/H 2 O 4/6, yielding 8 (7.7 mg), 9 (2.8 mg), 10 (1.8 mg), and a mixture of 8 and 9 (11.0 mg). For fractions 5 and 6 a gradient of MeOH (A) and H 2 O+0.1% TFA (B) from 10% A to 90% A (30 min) was used, yielding 7 (4.0 mg), and some amounts of 4, 5, and 6 formed by hydrolysis of 8, 9, and 10, respectively.
Preparation of extracts for quantification:
For each collection of Z. noltei to be quantified, three replicates of 25 g were analyzed.
Each sample was extracted with MeOH (3 x 200 mL) using continuous shaking at room temperature for 45 min (3 x 15 min). The methanol solution was filtered, evaporated to dryness under reduced pressure and weighed (A) and the residual plant material was air-dried (B). The dry weight of the plant studied was obtained as A+B. UPLC-MS analysis of extracts: Analyses were carried out using an ACQUITY Ultra Performance LC system equipped with a photodioide array (PDA) detector, a quaternary solvent system and a mass detector Synapt G2 Q-TOF mass spectrometer equipped with an electrospray ionization (ESI) source. Separation of compounds was performed on a UPLC BEH C18 column (1.7 m, 2.1 x 50 mm) at 25 °C. For UPLC-MS analysis each extract was suspended in H 2 O and a solution of quercetin (Sigma-Aldrich) was added for final concentrations of 100 g/mL of extract and 3 g/mL of quercetin (IS). The volume of injection was 5 L and the flow rate 0.4 mL/min. The solvents for the mobile phase were H 2 O+ 0.1% of formic acid (A) and CH 3 CN (B). The elution program was as follows: 0.00-1.00 min 95.0% A (isocratic), 1.00-4.00 min 40.0% A (linear), 4.00-4.50 min 95.0% A (linear), 4.50-5.00 min 95.0% A (isocratic). The analyses were carried out using a full-scan, datadependent MS scanning from m/z 100-1000. The mass spectrometer was operated in negative ion mode. The optimized MS conditions were as follows: source temperature 120°C, capillary voltage 3000 V, cone voltage 20V, desolvation temperature 350°C, and desolvation gas (nitrogen) flow rate 850 L/h. The single components were characterized by the retention time and the accurate molecular masses. The data obtained from UPLC-MS were subsequently entered into the MassLynx 4.0 ChromaLynx Application Manager software (Waters). The elution of compounds from the column was simultaneously monitored by a PDA detector at  300-450 nm. Compounds were identified by comparison of their mass spectra and t R with those of the pure compounds 1, 2, and 7-10 isolated from the plants. For .992, where ''y'' is the relation between the area of the peak of the compound and the area of the peak of the IS. All determinations were done by triplicate (n=3).
